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(54) STAINLESS STEEL FOR DISK BRAKE ROTOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide inexpensive steel for a disk brake rotor which has wide 
quenching heat treating conditions, and hardly causes deterioration in material caused by 
increase in temperature when used (in braking). 

SOLUTION: For being used for a disk brake rotor, martensitic stainless steel is subjected to the 
control of componmential compositions so as to contain 0.04 to 0.10% C, <1.0% Si, 0.1 to 2.0% 
Mn, <0.04% P, <0.01% S, >11.5 to 13.5% Cr, <0.1% Al, <0.04% N, 0 to 1.0% Cu, 0 to 1.0% Ni, 0 to 
0.03% Ti and, further, one or more kinds of Nb and V by specified amounts, and if required, to 
contain one or more kinds selected from Mo, B, Ca, Mg, La, Ce and Y and moreover to increase a 
GP value (calculated by a specified mathematical formula) expressing an austenitic ratio at high 
temperature. 
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CLAIMS 



[Claim(s)] 

[Claim 1] In weight % C:0.04 - 0.10% Si: 1.0% or less Mn: 0.1 - 2.0%, P:0.04% or less, S:0.01% or 
less Cr:il.5 ** "13.5%, aluminum: 0.1% or less, N:0.04% or less Cu:0 - 1.0%, nickel: 0 - 1.0%, Ti: 
While containing 0-0.03%, it is Nb:0.01"0.08%. GP value which also contains 1 of V:0.05 - 0.5% of 
sorts and two sorts, and is expressed with the following type or more by 50 The martensitic 
stainless steel for disk brake rotors excellent in corrosion resistance and toughness characterized 
by the remainder consisting of Fe and an unescapable impurity. 

GP (%) = 700C (%) +800 N (%) +20nickel (%) +10{Cu(%)+Mn(%)}-6.2Cr(%)-9.2Si (%) -9.3Mo(%)-14 
- V (%) -74.4Ti(%)-37.2aluminum (%) +63.2 - [Claim 2] The martensitic stainless steel for disk 
brake rotors excellent in corrosion resistance and toughness according to claim 1 characterized 
by containing Mo:0.05 - 1.0% further as a chemical entity, and changing. 

[Claim 3] To steel according to claim 1 or 2, it is by the more than 1 sort:sum total of B, calcium, 



and Mg further as a chemical entity in the more than 1 sort'sum total of 0.0003 - 0.005%, and La, 
Ce and Y. Martensitic stainless steel for disk brake rotors excellent in the hot-working nature, 
the corrosion resistance, and the toughness which are characterized by containing 0.003 - 0.05% 
of one sort, or two sorts or more, and changing. 



[Translation done.] 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Even if this invention has a property suitable as disk brake rotor 
material used by severe condition from which whenever [ braking surface temperature ] serves 
as an elevated temperature which is 500-550 degrees C by braking generation of heat and 
chooses the large soak temperature of the range, and a cooling rate in the hardening process at 
the time of disk brake rotor manufacture, it relates to the martensitic stainless steel for disk 
brake rotors which is stabilized and can secure a necessary hardening degree of hardness, 
toughness, and corrosion resistance. According to this invention, with a cooling rate later than 
air cooling in order to reduce the hardening distortion of disk brake rotor material especially A 
******** case, When a cooling rate falls by piling up many rotors from reduction of distortion, or 
a viewpoint of productivity, and performing hardening processing, Or although considered as 
thick disk brake rotor material therefore, the cooling rate at the time of hardening processing 
falls, and even if it is a case etc., the martensitic stainless steel for disk brake rotors excellent in 
the heat treatment property that the corrosion resistance which was fully excellent, and 
toughness are secured is offered. 
[0002] 

[Description of the Prior Art] Conventionally, the martensitic stainless steel called "13%Cr steel" 
of SUS403,410 which adjusted the degree of hardness to the range of 30-45 by HR C, or 420 
systems is used for the disk brake rotor of a two-wheel barrow (% showing a component rate 
takes henceforth for weight %). In addition, it is from a reason that a bad influence comes to 
attain to braking stability to adjust the hardness of a disk brake rotor to the above-mentioned 
range, when abrasion resistance required for a disk brake rotor is not obtained as if a degree of 
hardness is too low but a degree of hardness is made high too much only in consideration of 
abrasion resistance on the other hand. 

[0003] Thus, although the predetermined hardening degree of hardness is needed for the charge 
of disk brake rotor material, it is also important requirements to excel in hardening 
degree-of-hardness stability, corrosion resistance, toughness, etc. at coincidence. It is because 
quality-of-the-material change called elasticityizing, a corrosion-resistant fall, etc. of a rotor 
tends to generate the temperature of a disk brake rotor in addition to going up to an elevated 
temperature 500 degrees C or more by braking generation of heat, and the reaction of the disk 
brake rotor front face in that case and a brake friction pad and oxidation reaction with a disk 
brake rotor front face and atmospheric air posing a problem. 



[0004] Moreover, a disk brake rotor is a member of which highly precise surface smoothness is 
required. Therefore, in order to reduce the distortion at the time of hardening of disk brake rotor 
material as much as possible in recent years, to harden with a cooling rate later than air cooling 
is desired. Moreover, although it is the trend which piles up many disk brake rotors from a 
viewpoint of productivity, and performs hardening processing, if many disk brake rotors are piled 
up in this way and hardening processing is performed, the fall of a cooling rate will be caused. 
However, in the conventional disk brake rotor material, if it hardens with a late cooling rate, 
there is a problem that corrosion resistance and toughness deteriorate and the cure is needed. 
[0005] By the way, if JP, 10- 152760 ,A is seen, it is Cu because of the softening control by 
expansion of the temperature region which can be hardened, and brake braking generation of 
heat as an ingredient which aimed at the improvement of the property needed for disk brake 
rotor material. The martensitic stainless steel for disk brake rotors which carried out 0.5- 2.5% 
content is proposed. And in this steel, since that degree-of-hardness fall has outstanding 
softening resistance called less than ten even if it adds "heat treatment for 600 degree- Cx 10 
minutes which imitated annealing by brake braking at the time of use" to what adjusted the 
degree of hardness to about 35 by HR C, it is supposed that the fall of damping force can be 
prevented. 

[0006] However, the disk brake rotor material which becomes the above-mentioned proposal was 
what was not taken into consideration to prevention of "a corrosion resistance fall by the late 
hardening cooling rate at the time of rotor manufacture", and "a corrosion-resistant fall 
accompanying tempering softening which produces extent which is a service condition 
(temperature up conditions by brake braking at the time of use)", and is considered that those 
improvements are required. . 

[0007] In addition, "the technique of falling Cr content to 10.0 - 11.5%, securing corrosion 
resistance by 0.05 - 0.5% of Mo addition, and carrying out 0.04- 0.1% addition of the Nb if 
needed" is shown in JP,3-79426,B as one of the corrosion-resistant remedies of the martensitic 
stainless steel for disk brake rotor material. Although Mo was an element which raises the 
corrosion resistance of stainless steel additionally, and it was the alloying element which can 
desire control of corrosion-resistant degradation by carbide deposit since the carbide generation 
inclination was small compared with Cr, Mo was an expensive element in one side, therefore the 
martensitic stainless steel for disk brake rotor material given in above-mentioned JP,379426,B 
was that in which the room of a device remains in a cost side. Moreover, if it was under the latest 
situation that the further improvement of engine-performance stability and engine-performance 
maintenance nature is desired from safety and a dependability side, it was thought that much 
more device was required also for stable reservation of good corrosion resistance and toughness. 
[0008] 



[Problem(s) to be Solved by the Invention] As mentioned above, in the conventional disk brake 
rotor material, when hardening processing was carried out, or many was piled up and hardening 
processing was carried out with the cooling rate late for distortion reduction for the productivity 
improvement, the problem that corrosion resistance and toughness fell arose. Moreover, 
qualityof-the-material change (a degree-of-hardness fall, corrosion-resistant degradation) 
tended to break out according to the temperature up at the time of use (at the time of brake 
braking), and it was thought that it was a problem when this secures the dependability of a disk 
brake. This invention's consider as the purpose , since it be such be offer the cheap steel for disk 
brake rotors which be stabilize and can secure the hardening degree of hardness which can fully 
be satisfy , toughness , and corrosion resistance even if it choose the large soak temperature of 
the range , and a cooling rate at the time of hardening processing , and the quality of the 
material change ( a degree of hardness fall , corrosion-resistant degradation ) by the temperature 
up at the time of use ( at the time of brake braking ) hardly produce . 
[0009] 

[Means for Solving the Problem] Although he inquired wholeheartedly that the above-mentioned 
purpose should be attained? this invention person etc. was attached to 13%Cr system 
martensitic stainless-steel cold-rolled plate of the various kinds which contain C at a various 
rate especially, and while inquiring hardening from 900-1050 degrees C, and 200-600*degree C 
annealing, evaluating the degree of hardness, corrosion resistance, and toughness with 
combination variously, he was able to acquire the following knowledge from from. 
[00 10] a) Although corrosion resistance with hardening will fall if it is [ of air cooling ] lower than 
s 5 degrees C /, the cooling rate at the time of hardening is carried out and it goes, extent of this 
corrosion-resistant fall becomes so remarkable that there are many C contents, 
b) However, cooling rate At the conditions reduced [ s ] in 0.5 degrees C /, it is C content of steel 
materials. The corrosion resistance of what comes to show quite good corrosion resistance if it 
compares with the comparatively high ingredient of C content when it decreases to 0.1% or less 
equivalent to air-cooling material still does not improve. 

[00 11] c) However, if minute amount addition of Nb or the V is carried out and the content of C, N, 
nickel, Cu, Mn, Cr, Si, Mo, V, Ti, and aluminum in steel is synthetically adjusted while securing 
the amount of Cr(s) which exceeds 11.5% to steel materials, the corrosion resistance in the 
conditions (0.5 degrees C/(s)) of annealing of cooling at the time of hardening will improve 
remarkably. In order to clarify effectiveness which carries out the stable reservation of the 
corrosion resistance which was excellent also in the bottom of the conditions that a cooling rate is 
slow, at the time of hardening here It is necessary to control so that the organization in an 
elevated temperature becomes what has a high austenite ratio. Therefore, as mentioned above, it 
is necessary to adjust synthetically the content of C, N, nickel, Cu, Mn, Cr, Si, Mo, V, Ti, and 



aluminum in steel. It is especially GP (%). = 700C (%) + 800Ns (%) +20nickel (%) 4-10 - {-• 
Cu(%)+Mn (%)}-6.2Cr(%)-9.2Si (%) -9.3Mo(%)-14V(%) -74.4Ti(%)-37.2aluminum (%) GP value 
expressed with the formula which becomes +63.2 is 50 (%). Component presentation adjustment 
must be carried out so that it may become the above. 

[0012] d) Moreover, for the toughness of steel materials, said GP value is 50 (%) while adding too 
Nb and V which control a deposit of Cr carbon nitride, in order to secure high toughness, 
maintaining a hardening degree of hardness at the bottom of annealing conditions, although it 
will improve if a hardening degree of hardness is fallen. It is effective to perform component 
presentation adjustment so that it may become above, e) The hardening material of steel which 
performed component presentation adjustment from an above-mentioned viewpoint is 
conventionally excellent in tempering resistance at 500*550 degrees C compared with steel 
materials, and there are very still few degrees of hardness and corrosion resistance fall extent. 
[0013] It was completed based on the above-mentioned knowledge matter etc., and this invention 
offers the martensitic stainless steel for disk brake rotors shown in ** of a degree thru/or ** term. 
** C:0.04 - 0.10% Si: 1.0% or less Mn: 0.1 - 2.0%, P:0.04% or less, S:0.01% or less Cr:il.5 ** 
-13.5%, aluminum: 0.1% or less, N:0.04% or less Cu:0 - 1.0%, nickel: 0 - 1.0%, Ti: While 
containing 0*0.03%, it is Nb:0.0 1-0.08%. GP value which also contains 1 of V:0.05 - 0.5% of sorts 
and two sorts, and is expressed with the following type or more by 50 The martensitic stainless 
steel for disk brake rotors excellent in corrosion resistance and toughness characterized by the 
remainder consisting of Fe and an unescapable impurity. 

GP (%) = 700C (%) +800 N (%) + 20nickel (%) +10{Cu(%)+Mn(%)}-6.2Cr(%)-9.2Si (%) 
-9.3Mo(%)-14V(%) -74.4Ti(%)-37.2aluminum (%) As a +63.2 ** chemical entity Furthermore, the 
martensitic stainless steel for disk brake rotors excellent in corrosion resistance given 
[ aforementioned ] in ** term, and toughness characterized by containing Mo:0.05 - 1.0% and 
changing. 

** Be by the more than 1 sort:sum total of B, calcium, and Mg further as a chemical entity to 
steel the aforementioned ** term or given in ** term in the more than 1 sort:sum total of 0.0003 - 
0.005%, and La, Ce and Y. The hot-working nature, the martensitic stainless steel for disk brake 
rotors which was excellent in toughness at the corrosion-resistant list characterized by 
containing 0.003 - 0.05% of one sort, or two sorts or more, and changing. 
[0014] 

[Embodiment of the Invention] The reason which limited hereafter the content range of each 
component which constitutes steel like the above in this invention is explained with the 
operation. 

[0015] (a) CC is a component added for high-intensityizing of steel, and in order to secure 
reinforcement required for disk brake rotor material, it is necessary to make it contain 0.04% or 



more. When superfluous addition of C spoils the corrosion resistance of steel and is made to 
contain it exceeding 0.10%, when the cooling rate at the time of hardening is slow, Cr carbon 
nitride deposits in a grain boundary, and it becomes impossible on the other hand, to secure 
desired corrosion resistance. Therefore, C content was determined as 0.04 ■ 0.10%. 
[0016] (b) Although SiSi is a fundamental element for deoxidizing steel, Si may be additive-free 
when aluminum performs deoxidation by Si altogetheik In addition, since superfluous addition of 
Si deteriorated the toughness of steel through "generation of a delta ferrite", or "solid solution 
strengthening", Si content was determined as 1% or less. 

[0017] (c) It is also the component which is the basic element which MnMn also requires for 
deoxidation of steel, and promotes generation of the austenite in an elevated temperature and 
raises hardenability. In this sake It is necessary to secure 0.1% or more of Mn content. On the 
other hand, superfluous addition of Mn is the upper limit of Mn content since the solubility in 
the water* solution environment of sulfide system inclusion is raised and the corrosion resistance 
of steel is fallen. It was determined as 2.0%. 

[0018] (d) Although it was so desirable that there was PP since it was an impurity element which 
spoils the toughness of steel, in consideration of the acceptability limit, P content was 
determined as 0.04% or less. [ little ] 

(e) Although it was so desirable that there was SS since they were an impurity element in which 
the hot-working nature of steel, corrosion resistance, and toughness are reduced, in 
consideration of the acceptability limit, S content was determined as 0.01% or less. [ few ] 
[0019] GO CrCr secures Cr content which is a major component supporting the corrosion 
resistance of stainless steel, and exceeds 11.5% in order to have and close corrosion resistance 
required for disk brake rotor material, even if it does not add expensive Mo - it is required. Since 
the deposit of a delta ferrite was promoted and embrittlement of steel was brought about on the 
other hand when Cr was made to contain so much, the upper limit of Cr content was determined 
as 13.5% from control of this embrittlement, and ****** of cost. 

[0020] (g) although A1A1 is one of the elements with which it goes together unescapable into steel 
and it may be added for deoxidation of steel - the deoxidation effectiveness in that case -- almost 
-- if saturated with 0.1% " since - aluminum content It was determined as 0.1% or less. 
[0021] (h) NN is a component which raises the hardening hardness of steel with C, and can 
control hardening hardness by adjusting the sum total content of C and N. However, since N 
spoiled the toughness of steel when it added superfluously, it determined N content as 0.04% or 
less. 

[0022] (0 Since CuCu had the operation which raises the corrosion resistance of steel, and 
reinforcement additionally, it was a component added if needed, but since making it contain 
exceeding 1.0% brought about the cost rise, Cu content was determined as 0 - 1.0%. 



[0023] (j) Since NiNi had the operation which improves corrosion resistance and toughness, it 
was a component added if needed, but since the effectiveness which ****ed in the cost rise could 
not be expected even if it made it contain exceeding 1.0%, nickel content was determined as 0 ■ 
1.0%. 

[0024] (k) Although TiTi was an element with a very strong affinity with N and C and it was the 
component added if needed in order to control a metal texture through formation of detailed 
carbon nitride and to improve the toughness of steel, since the degree of hardness of steel also 
came to have fallen while big and rough TiN generated and the fall of toughness became 
remarkable conversely, when it was made to contain exceeding 0.03%, Ti content was determined 
as 0 - 0.03%. 

[0025] (1) It is an element with strong C and N, and affinity, and Nb, and VNb and V are the 
indispensable components for securing corrosion resistance required for disk brake rotor 
material in this invention, and addition of either or both sides is required for them. That is, Nb 
and V are segregated to an austenite grain boundary by the cooling process at the time of 
hardening disk brake rotor material, and have the work which delays a grain boundary deposit 
of Cr carbide. Consequently, corrosion resistance degradation by Cr lack is controlled, and even if 
it is a late cooling rate, the corrosion resistance for which this invention asks is secured. 
Moreover, that this invention person etc. also stops working effectively in the steel in which a 
delta ferrite exists more than a constant rate from various experimental results found out the 
operation of Nb and V like the above. That is, it is GP value mentioned above 50 (%) It adjusts 
above, and a deposit of Cr carbon nitride will not be controlled without securing either or the 
both sides of 0.01% or more of Nb content, or 0.05% or more of V content in this condition, and 
the outstanding corrosion resistance will be secured. On the other hand, when the content of Nb 
or V is made to increase, if Nb content or V content exceeds a specific value, while Nb carbon 
nitride or V carbon nitride will make it a deposit and big and rough at the soak temperature at 
the time of hardening and causing the toughness fall of steel, it also comes to reduce a hardening 
degree of hardness. 

[0026] Nb content to which a hardening degree of hardness begins to fall is a side with many 
amounts of C+N, and, in the case of about 1000'degree C hardening temperature, is about 0.08%. 
Moreover, Nb content to which a hardening degree of hardness begins to fall in a side with few 
amounts of C+N Although it becomes the value exceeded 0.1%, abundant addition of Nb leads to 
the rise of steel-materials cost. Therefore, about Nb content, it was determined as 0.01 ■ 0.08%. 
On the other hand, the case of V, if it adds so much exceeding 0.5%, toughness will be reduced. 
For this reason, about V content, it was determined as 0.05 - 0.5%. In addition, although it is the 
element in which Nb and V have the same effectiveness as mentioned above, the V of the 
solubility in steel is larger than Nb, and the V of the depressant action of Cr carbide deposit rate 



is smaller compared with Nb. Therefore, in V, the corrosion-resistant improvement effectiveness 
is discovered by considering as many contents rather than Nb. 

[0027] (m) GP value GP (%) = 700C (%) + 800 N (%) +20nickel (%) +10 - {-- Cu(%)+Mn 
(%)}-6.2Cr(%)-9.2Si (%) -9.3Mo(%)-14V(%) -74.4Ti(%)-37.2aluminum (%) GP value expressed 
with the becoming formula is an index with which the rate of an austenite phase ratio in the 
elevated temperature of this invention steel is expressed qualitatively +63.2. It is this GP value 
50 (%) It becomes possible by considering as the above and raising the rate of an austenite phase 
ratio to carry out the stable reservation of the corrosion resistance for which it asks to the 
hardening steel materials of this invention steel, and the toughness for the first time. In addition, 
GP value is 50 (%). If less, the amount of a delta ferrite will increase, and if the cooling rate at 
the time of hardening is slow, when the corrosion resistance of steel materials will fall for Cr lack 
layer generated by deposit of Cr carbide to a grain boundary, toughness also deteriorates in 
coincidence. 

[0028] (n) MoMo is a component very effective when raising the corrosion resistance of stainless 
steel, and tempering resistance, and corrosion resistance and tempering resistance improve 
further by Mo addition also in this invention steel. However, although considering a cost side 
addition wavers in this invention steel which Mo is a very expensive element and aimed at low 
cost, when a certain amount of cost rise is allowed, improvement in the engine performance by 
Mo addition can be aimed at. However, in order to acquire the improvement effect of the 
corrosion resistance by Mo addition, and tempering resistance, it is necessary to make Mo 
contain 0.05% or more. On the other hand, if the cost acceptability limit as disk brake rotor 
material is taken into consideration, it will be the upper limit of Mo content. It is desirable to 
make it to 1.0%. Therefore, it is Mo, in order to secure remarkable effectiveness rather than it is 
based on Mo addition, although the content in the case of making Mo contain was determined as 
0.05 • 1.0%. It is desirable tomake it contain at 0.1% or more of a rate. 

[0029] (o) B, calcium, Mg, La, Ce, and Y - although it is the desirable component which one or 
more sorts add if needed in order that these elements may raise the hot-working nature of this 
invention steel - the content with each suitable component - the case of B, calcium, and Mg 
these total quantities - 0.0003 - 0.005% it is - on the other hand - the case of La, Ce, and Y - 
these total quantities It is 0.003 - 0.05%. 

[0030] In addition, the oxygen (O) mixed unescapable is the content preferably, although it is 
necessary to deoxidize by Si or aluminum and to reduce the content as much as possible since it 
is the element which spoils the toughness of steel. It should decrease even to 0.006% or less of 
field. When an oxygen content is reduced even to this field, this invention steel as disk brake 
rotor material shows the toughness which can fully be satisfied. 

[0031] Then, although an example explains this invention still more concretely, it cannot be 



overemphasized that this invention is not what is unfairly restricted according to an example. 
[Example] <Example 1> First, it dissolved at the vacuum high-frequency-induction-heating 
furnace, and the stainless steel of the various chemical composition shown in Table 1 was cast in 
25kg round steel lump. 
[0032] 
[Table l] 



[0033] Next, hot forging as a conventional method, hot rolling, tempering annealing, and cold 
rolling are performed to this, and it is 1.8mm. The cold rolled sheet steel of thickness was 
obtained. And the test piece for hardening heat treatment of "1.8mm thickness x50mm 
width-of-face x25mm length" is cut down from each [ these ] cold rolled sheet steel, soak is 
carried out to 1000 degrees C for 3 minutes with the heat treating furnace of an infrared-heating 
method, and it continues. "Hardening heat treatment" which **** with the late cooling rate of 
0.5 degrees C/s was carried out. The property of "a steel plate with hardening" was investigated 
by this hardening heat treatment material. 

[0034] Moreover, apart from this, as an object for evaluation of an impact property, the piece of a 
2mmV notch subsize Charpy test (l.8mm thickness x55mm width-of-face xlOmm length) was 



started, and hardening heat treatment was performed by the same approach from said each cold 
rolled sheet steel. 

[0035] For the characterization of a steel plate with hardening, evaluation of the "cross-section 
degree of hardness" of said hardening heat treatment material, "pitting potential", and a an 
"impact resistance value" was performed. In addition, the "cross-section degree of hardness" was 
measured in Vickers 98N, and the five-point average estimated it. Moreover, "pitting potential" 
is JIS G 0577. Pitting potential Vc ' which changed the testing liquid into "0.5%NaCl*35 degree 
C", and was obtained considering the saturated calomel electrode (S C E) as a reference electrode 
(100) The measurement average estimated 3 times. And an "impact resistance value" pastes up 
each two subsize Charpy test pieces after said hardening heat treatment with a double-sided 
tape. After considering as the sample of 3.6mm thickness, the impact test was performed at 0 
degree C, and this impact resistance value estimated. These measurement results are shown in 
Table 2. 
[0036] 
[Table 2] 



[0037] In this example, in order to evaluate the qualityof-the-material change (property change) 
by it supposing the conditions at the time of use of a disk brake rotor (at the time of brake 
braking), property investigation was conducted also about what performed tempering processing 
to said each hardening heat treatment steel plate. In addition, for the characterization of the 
steel plate after tempering processing Although "tempering processing of air cooling after 500 
degree-Cx 1-hour maintenance" and "tempering processing of air cooling after 550 degree-Cx 
time amount maintenance" were performed, with "a cross-section degree of hardness [Hv]" and 
hardening The hardness difference [deltaHv] of ** and the ingredient which gave 550-degree-C 
annealing, and the pitting potential [Vc 1 (100)] of "the ingredient which performed tempering 
processing of air cooling after 500 degree-Cx 1-hour maintenance" were measured. These 
measurement results were also collectively shown in Table 2. 

[0038] For this invention martensitic-stainless-steel material, corrosion resistance with 
hardening is pitting potential so that clearly also from the result shown in Table 2. 0.1V It is 



above (vsSCE) and impact resistance values are also 50 J/cm2. It is the high value to exceed. 
Furthermore, amount of degree-of-hardness falls deltaHv to the temperature up to 550 degrees C 
after hardening heat treatment It is less than 15 and the level also with the good corrosion 
resistance after adding 500-degree C heat treatment after hardening heat treatment is 
maintained. Considering these results, it can check that this invention martensitic stainless 
steel has the property which was excellent as disk brake rotor material. 

[0039] <Example 2> It created according to the example 1. From the cold rolled sheet steel of 
1.8mm thickness, every several steel materials per steel type of the configuration shown in 
drawing 1 or drawing 2 were created by punching. Moreover, the steel materials of the 
configuration similarly shown in drawing 1 were created by several multi-sheet punching also 
from the commercial steel plate of SUS420J2 steel. 

[0040] Next, hardening heat treatment was performed to these steel materials. In addition, you 
made it pile up each other's 100 steel materials in advance of hardening heat treatment that 
degradation of the flat configuration by hardening should be controlled, and this bundle was 
bound tight with the bolt and nut made from stainless steel in the bundle. By this superposition, 
the bundle of steel materials became the cylindrical block gestalt 160mm and whose height a 
diameter is about 180mm. And hardening heat treatment was carried out on the conditions of 
performing soak of "1020 degrees-C x 1-hour maintenance of ambient temperature", and 
carrying out gas cooling of the above-mentioned cylindrical block which piled up steel materials 
continuously with a heating- furnace. In addition, the cooling rate of 900*600 degrees C in this 
case was a part for about 30-degree-C/. 

[0041] Flat correction and surface grinding processing was performed to these steel materials, 
and it considered as the rotor product for disk brakes. And corrosion resistance, reinforcement, 
and ductile evaluation were performed about these rotors product. In addition, each 
above-mentioned rotor product is made into a test specimen at corrosion resistance evaluation, 
and it is JIS Z 2371. The "35 degree-03.5%NaCl water solution" was sprayed for 24 hours 
according to the defined salt spray test approach, and the technique of carrying out the relative 
comparison of rusting extent in the rotor product front face after a trial was adopted. 
[0042] Moreover, reinforcement and ductile evaluation are attached to each rotor product of the 
configuration shown in said drawing 1 list by drawing 2 . After fixing to a holddown member 
with a bolt and a nut using six mounting holes perforated in the inner circumference section, the 
hole of one point (it is the location of 75.5mm from a revolving shaft) of the 
outer-ring-of-spiral-wound-gasket section was equipped with the fixture, and it carried out by 
making the variation rate of this carry out in the direction of the circumference of a revolving 
shaft compulsorily, and extracting a "displacement-torque curve." That is, the 
"displacement-torque curve" about each rotor product was extracted as mentioned above, and the 



variation rate to which torque decreases rapidly by destruction first was measured. That is, 
although torque will go up linearly with the rotation displacement at the beginning if the 
variation rate of the rotor product is made to carry out in the direction of the circumference of a 
revolving shaft compulsorily like the above-mentioned - when **** deformation of the arm 
section which connects the inner circumference section and the 
outerring-of-spiral-wound-gasket section after that begins, torque decreases further - a certain 
rotation - although the process in which torque decreased rapidly when an arm breaks was 
followed when it resulted in the variation rate, this "variation rate to which torque decreases 
rapidly by destruction" was measured. This "variation rate to which torque decreases rapidly by 
destruction" was measured about every ten each of the rotor products of the configuration shown 
in drawing 2 which consists of each steel shown in every ten pieces each and Table 1 of the rotor 
product of the configuration shown in drawing 1 which consists of each steel shown in said table 
1, and summarized that result. 

[0043] First, although punctiform rusting was slightly accepted in the front face of the rotor 
product made from this invention steel (the steel 1 of Table 1 - steel 19) when the corrosion 
resistance evaluation result was reported, it was ********** and had not resulted in flow rust. 
Moreover, the rotor product which consisted of steel 21 of Table 1, steel 22, and steel 28 among 
comparison steel showed corrosion resistance equivalent to this invention steel rotor product. On 
the other hand, with the rotor product which consisted of comparison steel except the steel 21 of 
Table 1, steel 22, and steel 28, rusting extent increased, in the rotor product made from steel 30, 
it flowed and pitting accompanied by rust was observed. 

[0044] Next, reinforcement and a ductile evaluation result are reported. With the rotor product 
made from this invention steel (the steel 1 of Table 1 - steel 19), after passing through the 
highest torque value, each was transformed in ductility to the variation rate of 20mm, and 
having sufficient reinforcement and ductility was checked. On the other hand, with the rotor 
product which consisted of comparison steel except the steel 20 and steel 23 of Table 1, what the 
weakest arm section will fracture by the time it gives the variation rate of 20mm existed. 
Although it was few probabilities probabilities consisted of steel with which an impact resistance 
value is less than 50 J/cm2 like the steel 20 of Table 1, and comparison steel other than steel 23 
when the same degree of hardness compared, although ductility has the inclination for what has 
a lower degree of hardness to be larger and the size of toughness was not necessarily supported 
directly, that to which it is in the middle of deformation until it gives the variation rate which is 
20mm, and torque decreases rapidly by destruction of the arm section existed. 
[0045] It is clearer than the above-mentioned test result the rotor f s for disk brakes manufactured 
considering this invention steel as a material to demonstrate the corrosion resistance which was 
actually excellent in the service condition, reinforcement, and ductility. 



[0046] 

[Effect of the Invention] As explained above, the cooling rate range of hardening heat treatment 
which according to this invention can be adopted in order to manufacture the rotor for disk 
brakes is expandable to a later side. Moreover, when the corrosion resistance which was 
excellent even when a disk brake rotor carried out a temperature up by braking generation of 
heat to the temperature which is 500*550 degrees C is maintainable, In order to reduce 
distortion by hardening heat treatment, cool rotor material slowly, or When it is necessary to 
bundle many rotor material and to cool slowly, or even when the rotor material of the heavy-gage 
cross section where the cooling rate at the time of hardening heat treatment becomes slow 
inevitably needs to be manufactured Useful effectiveness is brought about on industry - the 
martensitic stainless steel for disk brake rotors of low cost which it is stabilized [ martensitic 
stainless steel ] for the rotor product manufactured and may make good corrosion resistance, 
toughness, and a degree of hardness secure it can be offered. 
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